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HONORS THESIS ABSTRACT
The anterior cruciate ligament is the main stabilizer within the knee joint. Damage to this
ligament is a common injury among athletes, especially females, due to anatomy, body
chemistry, and neuromuscular factors. The human body employs protective mechanisms
following trauma or surgery to prevent further injury to a joint; however, this mechanism, called
arthrogenic muscle inhibition, (AMI) hinders the rehabilitation process by impeding activation of
the quadriceps. Understanding what mechanisms are responsible for normal contraction and
AMI will aid in developing and administering techniques to overcome this phenomenon.
Application of neuromuscular electrical stimulation (NMES) facilitates the normal movement
through firing electrical impulses and repetitive contraction of a muscle. Therefore, the purpose
of this investigation is to determine what is responsible for AMI and if NMES can help to
prevent its occurrence following ACL reconstruction. Interviews with three local physical
therapists in private-owned outpatient, private physician-owned and hospital-based settings were
conducted. The results of this investigation show that regardless of setting, all therapists
discussed application of NMES post-operatively to prevent quadriceps shutdown, inferring that
NMES plays a role in overcoming AMI.
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ABSTRACT (100-200 WORDS)
The anterior cruciate ligament is the main stabilizer within the knee joint. Damage to this
ligament is a common injury among athletes, especially females, due to anatomy, body
chemistry, and neuromuscular factors. The human body employs protective mechanisms
following trauma or surgery to prevent further injury to a joint; however, this mechanism, called
arthrogenic muscle inhibition, (AMI) hinders the rehabilitation process by impeding activation of
the quadriceps. Understanding what mechanisms are responsible for normal contraction and
AMI will aid in developing and administering techniques to overcome this phenomenon.
Application of neuromuscular electrical stimulation (NMES) facilitates the normal movement
through firing electrical impulses and repetitive contraction of a muscle. Therefore, the purpose
of this investigation is to determine what is responsible for AMI and if NMES can help to
prevent its occurrence following ACL reconstruction. Interviews with three local physical
therapists in private-owned outpatient, private physician-owned and hospital-based settings were
conducted. The results of this investigation show that regardless of setting, all therapists
discussed application of NMES post-operatively to prevent quadriceps shutdown, inferring that
NMES plays a role in overcoming AMI.
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The knee is a hinged joint that is comprised of the fibula, tibia, femur, and the patella; the
most dynamic motion occurs using the femur, tibia and the patella. Within the knee are
ligaments, articular cartilage, and the meniscus disks. The four ligaments of the knee are the
main stabilizers of the joint that limit range of motion; they are the posterior cruciate, anterior
cruciate, the lateral collateral, and medial collateral ligaments. The medial collateral ligament
(MCL) is located along the inside of the knee and functions in preventing outward bending of the
knee. The lateral collateral ligament (LCL) is located along the outside of the knee and functions
in preventing inward bending of the knee. Positioned in the middle of the knee is the anterior
cruciate ligament (ACL). Its role is to prevent the tibia from sliding out in front of the femur.
Lastly, the posterior cruciate ligament (PCL) works in conjunction with the ACL and its role is
to prevent the tibia from sliding behind the femur [12]. There are two types of cartilage in the
knee; the first is a fibrous cartilage called the meniscus. Each knee has two crescent-shaped,
cartilaginous menisci attached to the tibia, medially and laterally along the edges of the bone.
These structures function as “shock absorbers” and assist in distributing the weight between the
tibia and fibula [12]. The second type of cartilage is articular cartilage. Articular cartilage
functions in decreasing the amount of friction between any two structures. It can be found at the
ends of the bone and is white in color. The joint surface is very smooth and slick, causing little
friction when the bones of the knee joint move. The muscle groups that activate knee movement
are the quadriceps femoris and the hamstring muscles. The quadriceps muscle, located on the
front of the thigh, is comprised of four intermediate muscle groups; the rectus femoris, vastus
medialis, vastus intermedius, and the vastus lateralis [12]. Together, these muscles function to
straighten the knee. The hamstrings are located posterior to the knee, respectively. It is
composed of the biceps femoris (long head and short head), semitendinosis, and
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semimembranous [12]. The hamstring muscle functions as the flexor in knee movement.
Together, all of these structures compose a functional knee joint.
The ACL functions as the main stabiliz^<ri^heknee, providing 90 percent of stability to
the knee joint [11]. It nHjsJromrfHeback of the femur to the front of the tibia. If injured, the
ACL is not able to control the movement of the knee, resulting in friction between the tibia and
the femur. ACL rupture is a common injury among athletes. Female athletes especially have a
high incidence of ACL tears [11]. “Although the research varies, female athletes are two and a
half to four times more likely to tear their ACLs than men, depending on the sport” [11]. There
has been much research conducted through the NCAA pertaining to the higher occurrence of
ACL tears in females than in males and it reveals many different implications. Neuromuscular
responses differ between men and women. Landing patterns in women and men also play a large
role in determining why females are more at risk. Because males have an innate, athletic nature
at an earlier age than women, their neuromuscular training is more advanced [11].
Neuromuscular training is noted to be ingrained in males while females have to learn [11].
NCAA research studies have shown that female muscle tissue is more flexible than male muscle
tissue, accounting for the higher incidence rate of tears. In addition to the increased flexibility in
female tissues, the muscles that comprise the knee in females take a fraction of a second longer
to react [7]. Observations of the male ACL show that not only is the male ACL larger than the
ACL of a female, the space through which the ligament travels is also larger than it is in females
[11]. Females have smaller femoral notches, which leaves less room for movement within the
space in case of hyperextension. According to the NCAA, due to the wider pelvis in females,
ACL tear is more likely to occur in a female than in a male with a narrower pelvis. Other
research has found that different sport styles such as the upright running position that females
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exhibit can be a determining factor is whether or not a female suffer an injury to the ACL.
Hormones can also contribute to this disparity, although the impact may be small. “Estrogen
affects the collagen production and there appear to be times in the menstrual cycle when people
tend to be able to identify greater ACL tears [11]”.
Several factors can indicate that a tear has occurred. The most common symptoms are as
follows: a loud, audible popping sound at the time of injury, severe swelling at the time of
injury, inability to tolerate weight on the injured leg, and knee instability, causing the knee to
buckle underneath the patient while walking [11]. Diagnosis of a tear is made by performing
various assessments. The preferred test of diagnosing ACL tears is the Lachman test [7]. During
this test, the healthcare professional will have the patient in the supine position with their knee at
20 to 30 degrees flexion. The examiner will grasp the medial proximal tibia in one hand and the
distal portion of the thigh in the other hand [7]. By pulling the tibia in front of the femur, the
examiner is able to observe the amount of translation in the injured leg and compare it to the
amount of translation in the uninjured leg to determine the amount of instability. If there is
translation of the tibia, there is a tear because anterior tibial translation is the main indication of a
tear. In addition to the Lachman test, the physician will order X-rays to observe the condition of
the bones to see if there has been any residual damage to them [7]. Confirmation of the tear and
the degree to which it has been tom is obtained through an MRI, or Magnetic Resonance
Imaging. An MRI is able to detect damage to soft tissues that are not obtainable using X-ray
machines. An ACL can exhibit a partial, complete, or avulsive tear.
The decision to repair the ligament surgically relies heavily upon the needs of the patient
[2]. For older patients and patients with low levels of activity, rehabilitation two to three times
per week to strengthen the hamstrings, quadriceps, and other components of the knee joint can be
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an alternative to reconstructive surgery [2]. Life is manageable without an ACL; the only
difference between non-operative treatment and operative methods of treatment is that patients
who opt out of surgical treatment exhibit lower levels of activity in their lifestyle. Due to the
ACL not being a necessity to everyday living, the main goal of therapy for people in this
population is to retain strength and range of motion. In younger, more active populations,
however, repair of the tom ligament is necessary in order to resume participation in high levels
of activity. Once the physician has confirmed the diagnosis of the tom ACL, he or she will refer
the patient to physical therapy prior to scheduling surgery. It is important that full flexion and
extension of the knee is reserved leading up to the day the patient has the surgery; “the highest
incidence of knee stiffness occurs if ACL surgery is performed when the knee is swollen,
painful, and has a limited range of motion” [13]. ACL reconstruction surgery is most successful
once the patient has overcome acute swelling and has regained normal gait and range of motion,
with an emphasis on extension [7]. Extension is one of the primary functions that will be
restored post-operatively. After surgery the body begins depositing scar tissue. Post-surgery, if
full extension is not restored, the ACL is not inserted into the femoral notch; the scar tissue will
build around the ACL insertion and will become too thick to allow dynamic movement within
the joint [1]. During the preoperative phase of rehabilitation, the physical therapist will
implement various exercises and activities that will regain and retain essential functions. It is
important to bear as much weight as possible in order to avoid quadriceps atrophy. Some
examples of activities are as follows: isometric exercises, straight leg raises, and range of
motion exercises [2]. Another important part of preparing for surgery is mental preparation.
Recovery can be between six months to one year, so it is important to set realistic goals prior to
the surgery.
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Because ligaments do not have the capability to heal naturally, surgical repair is required
to replace the tom ligament. The tissue is usually taken from the patellar tendon. In other cases,
donor tissue is used from a cadaver. Surgery is performed arthroscopically; three small incisions
are made around the knee and an arthroscope, which is a small instrument used to see and work
through the knee joint, is inserted into the incisions [5]. A camera located at the end of the
arthroscope allows the surgeon to see more clearly and accurately inside of the joint by
transmitting pictures onto a screen located in the operating room [5]. Through the remaining
incisions, the surgeon drills holes into the upper and lower bones in stabilize the graft; the graft is
then held in place by screws. The incisions are closed using staples or stitches and the patient is
taken to a recovery room where their vitals must be stabilized before being discharged from the
hospital. ACL reconstruction is typically an outpatient procedure. After surgery, the patient’s
surgeon will refer them to physical therapy where they will work on regaining strength and range
of motion in order to return to regular, independent activity.
After surgery, the patient will resume physical therapy. Therapy is vital to recovering
from ACL reconstruction; it is the determining factor in the outcome of the knee. The
rehabilitation process can be divided into phases where protocols vary between facilities and
professionals. The therapist will gradually increase the difficulty in exercises as time progresses
and depending on the completion of elementary strength and range of motion techniques.
The ability to fully activate and modulate specific muscle groups that allow for controlled
and specialized movement is referred to as voluntary muscle control. Any factors that inhibit
muscle control can be problematic because poor muscle control can cause quadriceps weakness
and lead to other muscular concerns [10]. These secondary conditions include articular damage,
joint instability, and atrophy. Arthrogenic muscle inhibition is a condition which inhibits the
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knee from fully activating; specifically, after knee reconstruction, the knee joint is unable to fully
activate the quadriceps muscles. AMI is a pre-synaptic, reflex inhibition of the quadriceps
muscles [6]. It is a natural response to injury employed by the body that is designed to protect
the joint from further damage or potential injury. However, it also serves as a setback to the
rehabilitation process because it compromises strength gains and proprioception, and while the
purpose of its presence is to protect the joint, its limitations can actually increase vulnerability to
further injury [13]. Because voluntary muscle control is vital in maintaining a healthy, stable
knee joint, it is important to overcome AMI so that the patient is able to regain strength, range of
motion, and neuromuscular control following surgery. Both atrophy and inability to fully
activate the muscle affect postsurgical strength in the quadriceps; it is important for therapists to
incorporate tasks that address activation deficits as well as atrophy in order to increase strength
in the quadriceps and to overcome AMI [6].
In order to overcome conditions like AMI, it important to understand what
neuromuscular mechanisms are responsible for it. But in order to understand and identify an
abnormality, one must first grasp the concepts of normal muscle behavior. In normal muscle
contraction, a motor unit is the smallest element of contraction that can be activated by the
nervous system [14]. A neuron simply is a nerve cell that is responsible for generating and
transmitting electrical signals; it is composed of a nucleus enclosed by the cell body and is
surrounded by dendrites and axons [15]. The cell body is the control center of the neuron.
Within the cell body is the nucleus, which is vital to the survival of the cell. The branched
processes that receive incoming information from other cells are called dendrites. These
structures increase the surface area of a neuron, allowing for communication with other
surrounding neurons. Axons carry outgoing information from the integration center of the

Calvin, 11

neurons to the end of the axon at the receiving cell [14]. Information is transmitted in the form
of a chemical called a neurotransmitter which is secreted into the target cells. All muscles are
innervated, or controlled by a particular nerve; for example, the femoral nerve controls the
quadriceps muscles. In the process of muscle contraction, the axon of a motor neuron divides
into multiple branches (collaterals), creating a synapse that is known as the neuromuscular
junction [14]. When an action potential propagates down an axon of a particular neuron, it
stimulates a set of muscle fibers that will contract. The action potential reaches the
neuromuscular junction after it has been depolarized; this causes the neuromuscular junction to
release acetylcholine into the synapse [14].
As stated before, arthrogenic muscle inhibition is an ongoing, reflex inhibition of the
muscles that surround the knee joint, following surgery. In order to provide successful treatment
to prevent the chances of AMI, it is important to know what mechanisms are responsible for
AMI. Intemeurons comprise most of the neurons in the spinal cord, functioning to transmit
excitatory and inhibitory signals to other intemeurons throughout the body. Scientists have been
able to conclude that the reduction in the quadriceps alpha motoneuron output is responsible for
AMI, but have not been able to identify the specific intemeurons responsible for the excitability
of the quadriceps motoneurons. One study uses a knee joint effusion model to demonstrate AMI
[9]. The model mimics effusion, the buildup of fluids within a joint, by injecting saline into the
knee joint capsule which will serve as a representation to measure AMI. This experiment is
helpful in understand mechanisms employed by the body because it allows for inhibition without
the presence of pain. With traumatic injury, pain can be a confounding variable, but what many
people do not know is that pain is not always the reason for lack of mobility and instability in a
joint. Many times, AMI itself is responsible for the lack of joint stability, as shown by the joint

Calvin, 12

effusion model. For this reason, it is important to understand and overcome all factors involved
in inhibition. The dependent variables in the experiment are the Hoffman index measures, both
before and after the injections of saline [9]. The Hoffman reflex, often referred to as the Hreflex, is the result of electric stimulation that is used to assess the response of the neuromuscular
system to various conditions such as traumatic knee injuries. To stimulate the H-reflex, a
percutaneous or transcutaneous electric stimulation is applied [9]. It essentially is a measure of
the motoneuron pool recruitment. It is important to differentiate between what is actually being
stimulated by the percutaneous stimulus; while the stimulus is applied to the site of the
quadriceps muscles, what is actually being stimulated is the mixed nerve. After stimulation,
afferent nerves become depolarized, or approach threshold, and the overall result is the
depolarization of the motoneurons [4].
Neuromuscular electrical stimulation is a modality that is to promote muscle contraction
by sending electric impulses to the point of contact [10]. It has become increasingly popular in
the rehabilitation process because it aides in promoting recovery in athletes who have
experienced a traumatic injury, aids in neuromuscular reeducation in patients who have cognitive
deficiencies, and helps to strengthen muscles that have been atrophied due to immobilization.
Electrical stimulation works by training groups of muscles to achieve a desired outcome. In the
case of rehabilitation for an injured athlete, the goal is to retrain the muscles to contract using
repetitive movements and by emphasizing nerve signals for the purpose of movement [13].
Neuromuscular electrical stimulation is a modality that is used to strengthen the quadriceps
femoris muscles, in conjunction with an exercise regime following ACL reconstruction.
Currently, many studies have shown improvements in patient performance upon incorporating
electrical stimulation into treatment plans in comparison to exercise alone. While there is
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conflicting evidence on its efficacy related to patient-oriented outcomes and functional
performance outcomes, much research does reveal that it is beneficial when used in therapy in
attempts to improve quadriceps strength. Upon doing research and interviewing therapists about
neuromuscular electrical stimulation (NMES), revelations of conflicting evidence were unveiled.
Supporting evidence was collected through interviews conducted using physical therapists from
local clinics as test subjects; the decision of whether or not to use NMES lies in the patient’s
condition; many times, insurance companies do not find the use of NMES to be necessary in
order to improve a patient’s condition [4]. However, if the physical therapist does find it to be
necessary, one of two things can take place: they can either write a letter of appeal to the
company stating why it is necessary to the patient’s improvement and why it would end up
saving the company money, or they would incorporate the NMES into the patient’s treatment
plan anyway, without charging it. These two options would only be considered when charges
are rejected; otherwise the therapist would be reimbursed for the modality. The overall findings
of the article state that neuromuscular electrical stimulation does aid in overcoming post
operative weakness and muscle loss on quadriceps when combined with exercise. Its main
benefit is neuromuscular reeducation [4]. It is important to note that NMES is not a substitute
for strength exercises; what is meant by “increasing strength” is that it stimulates muscle groups
that are inhibited by pain and swelling due to surgical reconstruction. This inhibition is a
condition that is often referred to as arthrogenic muscle inhibition, and by incorporating NMES,
strength restoration can be initiated in the initial days post-surgery. For example, the patient will
contract the quadriceps muscle while NMES is being applied, each time they feel it fire on their
muscle. It is more effective than implementing a treatment plan with strength exercises alone,
although it is not completely necessary for the patient to make a full recovery following surgery.
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Interviews
The data was collected through interviews conducted with physical therapists in local clinics.
Speaking with a therapists from the three different physical therapy settings in the area provide a
sample for the overall therapist population; also, a diverse population is important in order to
avoid retrieving similar responses, which would not be useful when making comparisons
between settings. It also helps to overcome threats to external validity. By developing a general
protocol for the interviews, I was able to maintain the reliability of my research study. The
protocol is as follows:
1. How did you become interested in physical therapy?
2. Where did you earn your degree in physical therapy?
3. What is the difference between physician-owned, private-owned, and hospital-based
physical therapy?
4. What is the purpose and function of NMES?
5. Have you ever come across conflicting evidence when using NMES?
6. Post-operatively, do you always implement NMES into your treatment plans?
7. Do you find that NMES makes a difference in treating ACL injuries post operatively?
8. Can you recall any instance where the patient was experiencing AMI? Once present, is it
difficult to overcome?
9. What types of exercises do you include in protocols immediately following surgery?
10. Are there any insurance companies that will not reimburse for NMES?
Kristin Christian, P.T., D.P.T., Board Certified in Orthopedic Physical Therapy, Northern
Rehab (Private-owned, outpatient clinic)
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Kristin Christian completed her studies at St. Ambrose University and moved to DeKalb,
IL where she works as a physical therapist at Northern Rehab. According to Kristin Christian
(DPT at Northern Rehab, DeKalb, IL), physical therapy is a job that requires an interest in
helping others. “In order to maintain the autonomy that we have been trying to build through the
APTA, we are anti-physician owned clinics”. It is important to work at a physical therapist
owned clinic; working at a physician owned clinic is not the right choice for many reasons.
After working at a hospital owned facility, Kristin found that it was more difficult to keep the
roles of the professional divided; decisions were not easily made and took longer to delegate
while working that this type of clinic. She feels that being in an outpatient setting provides for a
more proactive than reactive role as a therapist and she is happy with her placement. While she
does not have a designated specialty, she does have extensive experience in treating dizziness, a
condition that was studied in depth at St. Ambrose, where she studied and received her doctoral
degree in physical therapy. At Northern Rehab, ACL reconstruction rehabilitation is very
common among the younger population; while older individuals do experience the injury, it is
not always medically necessary for it to be surgically repaired because the ACL is not vital to
everyday living. By treating the injured joint in physical therapy, the patient can develop and
regain strength and range of motion in order to carry out activities of daily living without
surgery. Athletes who plan on returning to sports, however, must undergo the surgery. In her
treatment plans following surgery, neuromuscular reeducation is a large role in recovery. In
patients with vastus medialis-oblique shut down or with extensor lag, (extensor lag is caused by
swelling in the knee joint) neuromuscular electrical stimulation is added to the treatment plan in
order to retrain muscles how to function in contraction and extension. While NMES does not
function in strengthening the muscles surrounding the knee, pairing it with quad sets which
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involve the contraction of the quadriceps muscles, aid in familiarizing the muscles with
contraction. If insurance is unwilling to cover treatment costs, she has written letters of appeal to
the company requesting assistance stating why the treatment was implemented, why it is
necessary and how it will actually save the company money in the long run.
Taylor Sweers, DPT, Acute Physical Therapy, Kishwaukee Hospital (hospital-based clinic)
Taylor Sweers is a physical therapist working in an acute hospital setting at Kishwaukee
Hospital, DeKalb, IL. He studied at the University of Iowa, receiving his doctor of physical
therapy degree. His interest in physical therapy stems from personal experience. After breaking
his elbow in high school while playing sports, he became exposed to the field and earned a
degree in biology, which led him down the road to physical therapy. When asked about his
views about physician-owned and private-owned practices, Sweers stated that physician-owned
practices, or POPS, are orthopedic groups who own physical therapy clinics. The ethical
dilemma comes into play when referrals are made. The APTA, or American Physical Therapy
Association, is against these clinics because instead of referring a patient to an nonparticipating,
outside clinic, physicians will refer the patient to their clinic, as if they are referring them to
themselves. There is an incentive for physicians to refer patients to their own clinic; the problem
lies in the patient simply not knowing that they do have a choice in where they go for therapy;
they are not obligated to spend their time in therapy at the clinic that is owned by their surgeon.
Because of the ethical dilemma, many therapists do not like working in POPs clinics. Hospital
settings are unique; Kishwaukee hospital has their own outpatient therapy clinic called Unlimited
Performance. Before deciding to open their own practice, Midwest Orthopedic Institute worked
in conjunction with Unlimited Performance and referred their patients to that clinic. Now that
they have their own clinic, Unlimited Performance no longer gets referrals from MOI. Because
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of lack of knowledge, most of the patients are going to pursue the facility that is suggested by
their physician. Referrals are necessary in order to obtain any sort of therapy. Private practice
clinics must have relationships with physicians in order to receive these referrals. Sweers states
that in the physician standpoint, they will benefit and earn incentive for referring patients to
therapists that they have hired and already have relationships with. That way, they can aid in
overlooking care because the patient is at their facility. They view it as the obvious next step
because there would not be any logic behind referring patients to an outside clinic when they
already have one. At Kiskwaukee Hospital, Taylor does not treat many ACL injuries. He has
stated that if there is quadriceps shutdown, NMES will be applied. “NMES cannot make you
contract more that you can on your own. It can make you do more than you can do because it
takes out the brain shutting down, but it cannot give you more power than you have”. If a person
can contract their muscle 100 percent without the application of NMES, then it will not be
applied. But due to swelling and pain following surgery, it is often times very difficult to
contract the muscle and therapists will then incorporate it into the treatment plans. Sweers states
the NMES is in a lot of protocols, but not 100 percent of protocols. If there is any kind of
swelling in the body, it reacts by shutting the muscle down, as shown consistently in the
quadriceps muscle. Usually following ACL surgery, the quadricep atrophies and NMES is a way
to avoid this atrophy. NMES is questionable in the amount that it strengthens a muscle. It is not
the same as doing 100 squats and gaining strength that way. It is used more for neuromuscular
reeducation; or the body relearning how to use the muscle again. Using NMES, the goal is not
strengthening; it is geared more toward getting the muscle to fire as it did preoperatively through
repetition. It works well when the patient contracts the muscle as the NMES fires on the muscle.
Insurance companies may not always pay for modalities if there is not a purpose behind using it;
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for example, Medicare does not. A lot of the time the therapist will use the modality and not
charge for it. Many letters of appeal that are written to insurance companies are in attempts to
get more physical therapy sessions and within those letters are reasons why the current amount
of settings are not enough, how many more sessions are needed, and why they need more time in
physical therapy.
Steven Beverlv. MPT. Midwest Orthopedic Institute. Human Motion Therapy (phvsicianowned clinic)
Steven Beverly is a Physical Therapist who works through Midwest Orthopedic Institute
in Sycamore, IL. He is a graduate of Northern Illinois University's Physical Therapy Program.
His interest in physical therapy stems from his own experience as a patient. While participating
in sports in high school, he sustained two injuries that required surgery; one in his shoulder and
another in his knee. After his journey through therapy, he became so interested in the field that
he decided to pursue a career in physical therapy. Working in a physician owned clinic gives
Beverly the opportunity to work more closely with the doctors in planning treatment for his
patients. Logistically, a physician-owned practice is a practice that is owned by a group of
physicians. Private-owned practices are owned by hospitals, physical therapists, or some other
independent group. By working in a physician-owned practice, Steve is able to work directly
with the physicians and gets their referrals; it provides easy access to talk with physicians about
patients and different kinds of surgical techniques whereas in a private-owned setting, there is
no direct connection between physical therapists and the physician who is sending the referral.
He likes working in a physician-owned clinic because of the closer relationship he is able to
develop and maintain with the referring physician; he is able to obtain more information and
knowledge that he would not normally get access to and does not have to market or advertise his
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business to generate referrals or business. Beverly discusses drawbacks to working in a
physician-owned clinic, in a point of view that a physical therapist from a different type of
setting might possess. There is a perceived conflict of interest between physician and physical
therapist such that the physician who is writing the prescription for physical therapy is also
making profit off that referral. Because of that incentive, referrals can be unethically written for
patients who do not need therapy, just to make profit. This is why work through physicianowned practices has become an ethical issue. Although these issues do exist, Steve states that he
does not agree or see it happen. It is up to clinician to determine if that patient is suitable for
physical therapy. Hospitals are inpatient as opposed to outpatient. In outpatient clinics, patients
are able to come and go for their appointment, whereas in a hospital, inpatient setting, patients
are checked into the hospital where they will be for the duration of their stay. Hospitals physical
therapists are mainly focused on returning patient to their home safely whereas in outpatient
settings, the focus is on returning the patient to the activity. Neuromuscular electrical stimulation
(NMES) is used post- operatively; quadriceps stimulation is used on post-operative knees to
generate muscle contraction, in order to start to build strength as early as possible, according to
Beverly. Beverly refers to a condition called "quad shutdown" which is improved and prevented
using through the application of NMES. The primary focus after surgery is to restore normal
range of motion. Rarely does a clinician enforce restrictions to range of motion following knee
surgery, as there are with shoulder surgeries, for example. Within the first few weeks of surgery,
Beverly focuses on range of motion exercises, passive stretching, and joint immobilization.
Extension is an important function to restore early post-operatively. Because of its insertion on
femoral notch, full extension is taught and the ACL is push into notch in full extension. It clears
out space for itself when fully extended. After surgery the body begins depositing scar tissue.
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Post-surgery, if full extension is not restored and maintained, and if ACL is not inserted into the
femoral notch, the scar tissue will build around the ACL insertion and will become so thick that
the knee will get stuck, preventing motion in the joint. Lack of motion will lead to atrophy as
well, due to lack of activity in the joint. This condition could require additional surgery, called a
manipulation, to remove the scar tissue and regain motion. For this reason, it is important for the
patient to follow up with their physical therapist after their surgery.
Conclusion
The anterior cruciate ligament is vital in stabilizing the knee joint. Due to
neuromuscular, anatomical, and hormonal differences, females are at a higher risk of suffering a
tear to the ACL. Damage to the ACL will cause neuromuscular changes and instability to the
knee joint which can lead to damage to other structures that surround the knee. To repair the
damaged ligament, arthroscopic surgery is required. This procedure replaces the tom tissue with
healthy patellar tissue, secured with screws. Following the surgery, the patient will begin
physical therapy to strengthen the muscles surrounding the knee and to regain range of motion.
The neuromuscular system is the network of nerves and muscles that work together to produce
functional movements. The nerves send electrical impulses to the muscles which they innervate
and to the brain about movement of a particular muscle. Neuromuscular electrical stimulation is
a modality used in neuromuscular reeducation to assist in initiating muscle reeducation following
joint trauma, such as reconstructive repair of the anterior cruciate ligament. It facilitates and
restores normal movement by sending electrical impulses to a particular muscle and repetitively
stimulating the muscle. In some instances, NMES has been shown to reduce the number of
physical therapy visits that a patient needs. In addition to shortening time spent in physical
therapy, NMES can also aid in overcoming arthrogenic muscle inhibition, a condition employed
by the body following ACL reconstruction that is characterized by swelling and inability to
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activate the quadriceps. The purpose behind quad shutdown, or AMI, is to prevent further injury
to the already injured joint, but actually serves a setback to recovery. Because of the benefits
received by using NMES, it is appropriate to conclude that NMES does play a significant role in
physical therapy protocols following ACL reconstruction.
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